Recently, location service using Bluetooth Low-Energy (BLE) beacon is gaining popularity. There also exist researches that estimate the route of the user from the location estimation results, visualize, and analyze it. In the conventional route estimation method based on the BLE beacon, after estimating the all locations from the radio field strength of the BLE, the route is estimated from the sequence of the estimated locations. Therefore, one of the causes of deterioration in accuracy could be the fact that the estimation was repeated twice. Therefore, in this paper, we propose a novel estimation method of the user's route and stay using BLE beacons. Specifically, we apply the idea of global map matching, used in the field of GPS, to route estimation based on BLE beacons. Thus, the global optimum route in beacon network can be estimated from the radio field intensities of the BLE beacon directly. We associate a beacon network with path network to estimate the route and stay of users. We installed approximately 1,600 BLE beacon transmitters in all the classrooms and corridors of Nagoya Institute of Technology, and confirmed the effectiveness of the proposed method by experiments.
INTRODUCTION
In recent years, the number of smartphones and devices equipped with Bluetooth Low Energy (BLE) beacon function has been on an increase. Consequently, many services using BLE beacons to estimate the location of users have been proposed. BLE beacons have broad applications such as guidance in public spaces, including universities [9] and museums [4, 10] , and assistance for blind people [1] . We have also developed an attendance management system [14] using approximately 1600 beacons in all classrooms and corridors of the Nagoya Institute of Technology. This system allows students to report attendance through a smartphone application by accepting radio waves of the BLE beacons.
BLE is a Bluetooth standard that has been very efficient in reducing power consumption and allowing beacon devices to operate for several years on one battery. BLE beacon is compact, energy-efficient, inexpensive, easy to install, and can communicate with a smartphone. Because of such features, beacons are widely used for indoor location estimation studies.
BLE has a property in which the received signal strength indication (RSSI) is correlated to the distance between the transmitter and the receiver, which is theoretically defined by the conversion function. However, because BLE emits radio waves in the 2.4 GHz band, there is a multipath problem characterized by the reflection and interference of radio waves due to the walls and floors of a building. In real environments, the further the distance from the BLE beacon, the lower the reliability of RSSI [7, 15] . Therefore, to realize high-accuracy location estimation, it is necessary to install more BLE beacons.
On the other hand, in the field of GPS, many studies on road matching have been proposed. Road matching is a method of estimating a travel route in a road network based on the position series obtained from GPS. For example, the global map matching method [3, 16, 17, 20] can realize high-estimation accuracy even if the positional interval of GPS is rough. Although you may think global map matching can be easily applied to BLE beacons, because the principles of BLE beacons and GPS are very different, global map matching cannot be applied as it is. In addition, GPS can easily and mathematically estimate a position if four or more satellites are visible, but BLE cannot easily determine the position because of the multipath problem. Because location estimation is the main research topic in the field of BLE, therefore unlike GPS, there is little research on route estimation using BLE.
The purpose of this study is to realize a highly accurate indoor route / stay estimation of users by proposing a novel approach that implements global map matching techniques for route estimation using BLE beacons. Route estimation in this research refers to the estimation of a travel route in a path network composed of nodes and links. Stay estimation refers to the estimation of the time (start time and end time) staying at the node in a path network. The feature of this research is to realize a global optimal route estimation by making improvements to global map matching for GPS without using existing location estimation methods such as BLE beacons .
In realizing this method, the following problems can be mentioned.
Problem 1
Because the principles of BLE beacon and GPS are different, it is difficult to directly apply the global map matching method for GPS directly to the BLE beacon. For example, a GPS log is recorded as a series of latitude and longitude coordinates, but a BLE beacon log is recorded as a sequence of beacon ID and RSSI. In other words, the BLE beacon log does not contain position information. Problem 2 Because the BLE beacon has a multipath problem in which reflection of radio waves occurs due to the walls and floors of buildings, the value of RSSI tends to be extremely unstable as the distance from the BLE beacon increases. Problem 3 BLE beacons might not be placed directly above the nodes of the path network because of restrictions involving the location where the BLE beacons are installed. For example, as shown in Figure 1 , the installation position of the BLE beacon and the position of the node on the path network may be at a certain distance from each other. Furthermore, in our university, to ensure beacon redundancy, multiple BLE beacons are installed at same location . Therefore, we have to merge multiple beacons to one beacon.
We will attempt to solve these problems using the following approaches.
Approach 1
We propose a BST-Matching method to realize global map matching using BLE beacons. This method is a novel technique based on ST-Matching, which is one of the global map matching methods for GPS.
Approach 2
We propose a method that preferentially uses beacons with large RSSI as described below. 1) When BLE beacon data with the same ID are consecutively recorded, they are integrated into one beacon data having the largest RSSI value. 2) To avoid the detection of BLE beacons with low reliability, filtering by threshold is performed. 2) In order not to detect BLE beacons with low reliability, filtering by threshold is performed. Approach 3 We construct a two-layer network. First is the beacon network that represents the actual installation relationship of the BLE beacons, and the second is the path network that represents the route that users follow. To estimate the user's route / stay place in the path network, it converts from the route obtained by BST-Matching on the beacon network to the route on the path network.
The structure of this paper is as follows. We describe related research in Section 2. Section 3 describes the proposed method, and Section 4 describes the prototype system of the proposed method. Section 5 includes the experiment and discussion, and Section 6 provides the summary.
RELATED WORK
Incremental map matching [3] and global map matching [3, 16, 17, 20] have been proposed as methods of route estimation from GPS point series data. Incremental map matching is a method of incrementally determining locally optimal paths on the road network from coordinates in the GPS log. Global map matching is a method of finding the global optimum route from the GPS point series data. Although global map matching tends to provide higher accuracy, there is also the problem of high calculation cost. Lou et al. [16] proposes ST-Matching, which can perform matching with high accuracy even when the GPS reception interval is rough. Considering spatial and temporal features, they derive the path using the Viterbi algorithm based on the score between each candidate point. White et al. [20] used curve-to-curve matching. Newson et al. [17] proposed map matching using the Hidden Markov Model.
In addition, research on location estimation using BLE beacons also include the proximity method [15] , particle filtering method [6, 23] , trilateration [2] , and fingerprint method [8, 13] . The proximity method is a simple method that involves setting a position where the beacon with the highest RSSI is the estimated position when radio waves from the beacons are received. The particle filter method is a method of deriving stochastic likelihood results based on the concept of Bayesian filter. Kajioka et al. [13] proposed position estimation using the fingerprint method. In the fingerprint method, an estimation model is constructed based on the beacon ID and RSSI measured for each point to be estimated in advance. The fingerprint method involves estimating a position from the beacon ID and RSSI and the estimated model observed when performing position estimation. Although a general location estimation method involves the installation of the BLE beacon in the environment and users have the BLE scanner, Urano et al. [19] proposed a method in which users have the BLE beacon and the BLE scanners are installed in the environment.
Research on location estimation using the radio waves of a Wifi router [11, 12, 21] is also available. The wave frequency of the Wifi routers is the same as that of the BLE beacon, but the radio wave reaching distance is longer. Since Wifi routers is are not suitable for high high-density installations like a BLE beacon, it is necessary to estimate the location with a small number of wifi Wifi routers. In addition, Shorkry et al. [22] proposes proposed a mechanism for location estimation that combines a Wifi router and a BLE beacon.
Contrary to importance, many methods of route estimation using map matching have not been proposed. Stange et al. [18] proposed an analytical workflow for monitoring human mobility in big event settings using Bluetooth. Since this method estimates the route in free space, it is not map matching. There is also research on map-aided location estimation. Davidson et al. [5] stated that there are studies such as map-matching using wall constraints and topological map-matching for indoor navigation. For example, Dickinson et al. [6] proposed a location estimation method using a node graph and particle filter. The search space can be restricted by using the node graph, and the accuracy of location estimation is improved. However, map-aided location estimation is basically a location estimation method. Although it is possible to estimate the route by connecting the sequence of the results of location estimation, it is not a route estimation method that uses global map matching like the proposed method.
PROPOSED METHOD
An outline of the proposed method is shown in Figure 2 . In the proposed method, a beacon network, representing the positional relationship of BLE beacons, and a path network, representing the route used by users, are constructed by using the network construction system described in Section 4.1. The proposed method then performs route / stay estimation based on the beacon log collected by a smartphone and the above-mentioned networks. The path on a beacon network is estimated by BST-Matching, proposed in this research, using the beacon network and beacon log. Next, proposed system converts the path on the beacon network into the path on the path network. Stay estimation is also possible based on the estimated route and the time recorded in the beacon log.
Building Networks
In this research, we propose a two layer network: beacon network and path network as shown in Figure 3 path network is a graph for defining the paths in which users move. The reason for constructing a beacon network is to realize BSTMatching, which is described at a later section.
Path Network(PN).
The path network is a graph that depicts the route in which users actually move. It is assumed that nodes are placed at important points as a route / stay place, including corridors, in front of doorways of rooms, in rooms, etc. The nodes of the path network are categorized according to the type of installation point, and there are 3 nodes: PN node (room), PN node (corridor), and PN node(connection). Let the node on the path network be the PN node and the link be the PN link. The data structure of the PN node is shown in Table 1 , and the data structure of the PN link is shown in Table 2 . In addition, an example of a path network of the classroom environment in Figure 9 is shown in Figure 4 .
Beacon Network(BN).
A beacon network is a graph that depicts the beacon placement relations. Let the node on the beacon network be the BN node and the link be the BN link. The BN node is placed at the actual installation location of the beacon. However, the BN node is placed not only at the installation point of the beacon but also at the connection node on the path network, 
Figure 5: Example of a beacon network
including the entrance and exit of the room. The connection node on the beacon network is the same as the connection node on the path network, and the BN node arranged at the installation location of the beacon is defined as a beacon node. In addition, because the reflection characteristics of radio waves vary depending on the installation location of the beacon, we distinguish the beacon node between the room beacon and the corridor beacon. The BN node and the PN node have correspondence via the beacon ID. The data structure of the BN node is shown in Table 3 , and the data structure of the BN link is shown in Table 4 . Node types of the BN node include 0: BN node (connection), 1: BN node (room), and 2: BN node (corridor). An example of the beacon network in Figure 9 is shown in Figure 5 .
Route and stay estimation method
Next, we describe the route and stay estimation methods using a beacon network, a path network, and beacon logs.
Beacon log.
The beacon log in this research is defined as a sequence in which beacon messages are recorded in chronological order. The beacon message contains the time of observation of the beacon and 0 or more beacon data (beacon ID and RSSI) recognized at that time. In the beacon message, the beacon data is repeatedly acquired during the scanning time (m seconds) with the observation frequency (n seconds). The beacon ID is defined by a Major ID, and the RSSI is a numerical value of the radio field intensity emitted by the beacon. In this research, the scan time m was set to 1 s and the observation frequency n was set to 1 s.
Integration and filtering of beacon message.
To solve the problem in which the RSSI tends to become unstable as described in Problem 2, we integrate and filter the beacon message every certain number . First, the procedure of integrating the beacon message is shown below.
(1) Get inteдration num pieces of beacon messages in chronological order from the beacon log. (2) The acquired beacon messages are integrated as one beacon message in the following procedure. If multiple beacon data have the same beacon ID, the RSSI of the beacon data is assumed to be the largest value among them. Otherwise, do not change the contents of the beacon data. Next, we describe the filtering of the beacon message. Filtering is achieved by removing beacon data below the threshold value R. Here, the threshold value R of the room node can be different from the threshold value of the corridor node.
Generation of the sequence of candidate point set.
We describe a method of converting the beacon message mentioned in the previous subsection into input data for the proposed BST-Matching method. In BST-Matching, we need to convert a beacon message into a sequence of candidate point sets as shown in Table 5 to estimate the route on the beacon network. In particular, the following processing is performed on the beacon message.
(1) Get the top k beacon data (beacon ID, RSSI) with large RSSI value from the beacon message at time i. (2) Get the BN node IDs corresponding to the candidate beacon set by referring to Table 3 . (3) Generate K number of candidate points having BN node ID, beacon ID, RSSI, and time i obtained in (1) and (2). The structure of the candidate point is shown in Table 5 . As a result, a candidate point set (c 1 i , c 2 i , ..., c k i ) can be generated for each time i and that sequence becomes a sequence of candidate point sets.
Route generation for GPS by ST-Matching.
We first outline the algorithm of ST-Matching [16] proposed by Lou et al.
In ST-Matching, the series of GPS data (latitude and longitude) p 1 , ..., p n and the road network G = (V , E) serve as inputs. At each time i, we acquire a set of vertices (candidate points) c t i on the road network with radius r meter from the latitude and longitude Here, the evaluation formula F (c t i−1 → c s i ) is defined by the following expression.
Here, overviews of
for STMatching are defined as follow.
(1) N (c j i ) represents the proximity of the distance between the candidate point and the observation point. In other words, the score is determined based on the proximity of the observation point to the road network. (2) V (c t i−1 → c s i ) represents the ratio between the distance on the path between the candidate points and the Euclidean distance between observation points. The closer the value is to 1, the lesser is the likelihood of the user to detour.
indicates whether the traveling speed on the route between the candidate points is close to the speed calculated from the route.
Route generation for BLE by BST-Matching. ST-Matching is
an algorithm for GPS and road network, but BST-Matching is an algorithm for BLE beacons and beacon networks. We describe the BST-Matching algorithm while referring to ST-Matching.
(1) The set of candidate points for ST-Matching is the vertex set of the road network included in the radius r of each GPS data point. In BST-Matching, the set of candidate points is a set of BN nodes corresponding to BLE beacons whose RSSI is larger than the threshold at each time point. T is constructed by connecting adjacent candidate point set, as shown in Figure 6 
However, RSSI max varies depending on the type of beacon installation location. In this study, we set the room beacon to -55 and the corridor beacon to be -60.
Next,
is an evaluation expression for detecting unnatural moving speed by calculating the ratio of the assumed walking speed v a and the actual moving speed v between candidate points c t i−1 , c s i , Finally, we define V ′ (c t i−1 → c s i ). This function shows the ratio of the distance between the candidate points and the Euclidean distance between observation points. However, in the case of beacons, we can not directly obtain the observation point, and so we simply defined it as follows.
Using these evaluation expressions from (3) to (6) , we can calculate the function (1) and (2) in the previous section as follows.
Therefore, we can estimate the route on the beacon network using the Viterbi algorithm, the candidate graph G ′ T and evaluation formula F ′ (c t i−1 → c s i ).
3.2.6
Conversion to the route on path network. We described a method by which BST-Matching generates a path on the beacon network from the beacon log. However, the beacon network is a model for the positional relationship of the beacons, which is different from the path network of the moving path of users. Therefore, referring to the relation between the beacon network and the path network, the proposed system converts to the route on the path network. However, the nodes of the converted route may not be connected to each other on the route. Therefore, nodes of a path network that are not connected can be connected based on Dijkstra's method. Complementing the nodes in this way makes it possible to acquire the routes connected on the path network. 
Stay estimation.
Stay estimation is a function for estimating the place where a user stayed for a certain period of time and the period of stay. When the time of stay in the PN node on the path network exceeds the threshold value T seconds, it is determined that the user stayed in the PN node. Here, when a certain PN node X was continuously obtained x times, it is judged that the user has stayed at the PN node X when the following expression is satisfied.
Where, n is the observation frequency of the BLE beacons.
PROTOTYPE SYSTEM
In this research, we implemented not only the proposed method but also a smartphone application that collects beacon logs, a network construction system, and a route / stay estimation result visualization system.
Network construction system
In the network construction system, it is possible to construct a path network and a beacon network as shown in Figure 7 . PN nodes and BN nodes can be added by clicking on the map, and nodes can be associated with beacon IDs as inputs at the upper right corner of the screen. In addition, by selecting two nodes, it is possible to set PN link and BN link. It is also possible to set the type of node and the cost of the link. 
Route and stay estimation result visualization system
The route and stay estimation result visualization system has the same interface as the network construction system and can visualize the route / stay estimation result as shown in Figure 8 . Path / stay estimation is performed by pressing the animation button after noise removal and threshold setting. Consequently, the estimation result is displayed in an animated form on the map.
EXPERIMENTAL RESULT
The purpose of the experiment is to evaluate whether the proposed method can perform estimation with high precision in route and stay estimation as compared with the conventional method. The conventional method is an incremental map matching method using a BLE beacon that will be described in a later section. In addition, we evaluate the proposed method by comparing the route / stay estimation result estimated by the prototype system with the true route.
Incremental map matching using BLE beacon
We propose a route estimation method using incremental map matching as a comparison target for the proposed method. In BST -Matching, as described in Section 3.2.3, multiple candidate points at time t were acquired, and the optimum route among the candidate points can be estimated. In incremental map matching, the number of candidate points at time t is set to 1. In other words, only the beacon having the largest RSSI is set as a candidate point. As a result, the route can be incrementally estimated by connecting the candidate points with the largest RSSI. Other conditions such as conversion 
BLE beacon is in red circle
from beacon network to path network and filtering are the same as BST-Matching.
Experiment environment
In this research, we conducted an evaluation experiment using BLE beacons [14] installed for an attendance management system operated at the Nagoya Institute of Technology. Approximately 1,600 beacon transmitters were installed at all locations in the campus including all classrooms. The transmission interval of the beacon is 760 ms. Figure 9 demonstrates an example of beacon installation installed on a certain floor of a certain building. In the classroom, 4 to 8 beacons are installed for communication stability and fault tolerance. Beacons are also installed in the hallway in front of the classroom as shown in Figure 10 . A plurality of beacons are installed in all classrooms for communication stability and redundancy of the attendance management system, but the number of corridors is small and it is not possible to cover all locations. For example, beacons are not installed along stairways. This experiment was conducted on the 2nd and 3rd floors of the common education buildings (Nos. 52 and 53) at the Nagoya Institute of Technology. The target area is about 2,500 square meters. We performed the experiment in the classroom and corridor in the absence of anyone. We constructed a beacon network and a path network based on the BLE beacon installed in the experiment environment beforehand and estimated routes and stays using these networks. The number of beacons in the target environment is shown in Table 7 . In addition, the walking route used in the experiment is Route 1, 2, 3 shown in Figure 11 , Figure 12 , Figure 13 . Subjects used a smartphone with the beacon log collection application and moved along the routes 1, 2, and 3 on foot. The subjects moved again after stopping for a specified number of seconds at a given point (point of black circle). We collected 10 beacon logs for each route. In addition, by recording the time at each designated position, the grand true value of the time at the designated point was also recorded by clicking a button on the smartphone.
We set these routes based on the assumption of various use cases so that there is no bias in the experimental results. Route 1 assumes a route that passes only through corridors and stairs. Route 2 and route 3 set a route through both the classroom and the corridor. Route 2 and route 3 pass through the same classroom but use different entrances. Figures 14 to 17 show the average of the experimental results for each route.
Experiment
. Experiment 1 and Experiment 2 described below were performed using the route and network described in the previous section. The methods used for estimation include the BSTMatching method, which is the proposed method, and the incremental map matching method, which is the comparison method. Experiment 1 Experiment on route estimation. Change thresholds R of RSSI as shown in Table 8 , and evaluate the accuracy in each method. Experiment 2 Experiment on the estimation of staying time.
In Routes 2 and 3, record the time of entering the classroom, the time of passing through the center, and the time of leaving the classroom, and compare the estimated time and the true value of each point. Because it is expected that the experimental result will vary depending on the method of setting the threshold, in Experiment 2, the following four patterns are prepared according to the level of the threshold.
BST 
Experimental Result
The results of experiment 1 are shown in Figure 14 , Figure 15 , and Figure 16 . Figure 14 shows the precision, Figure 15 shows the recall, and Figure 16 shows the F-measure of route estimation for each threshold, as listed in Table 8 . In addition, we performed t-test between BST-matching and Incremental Map Matching for each threshold. * shows the sifnificant difference at a significace level of 0.05. The precision, recall, and F-measure were calculated using the following formula:
L1 a set of links on the path network representing the estimated route. L2 a set of links on the path network representing the route actually walked (correct route)
where |x | is the number of elements in set x, and x ∩y is the intersection of x and y. The ground truth is a link sequence on the path network showing the routes displayed in Figures 11 to 13 . Figure  9 shows the structure of links on the path network.
As shown in Figure 14 , both the incremental map matching and the BST-Matching improves the precision of route estimation as the threshold increases. As the threshold value is increased, candidate points with low RSSI value are removed, suggesting that beacons with low RSSI value have an adverse effect on the precision of route estimation. On the contrary, as shown in Figure 15 , when the threshold value is set too large, the recall of the route estimation is extremely low. Figures 17 show the number of candidate nodes in the estimated path for each threshold. When the threshold value is increased, the number of nodes decreases. These results suggest that extremely decreasing candidate points as compared to the estimated path lead to a decrease in recall ratio. Consequently, as shown in Figure 16 , the F-measure was a graph with the threshold (-73, -66) as the peak. In other words, the larger the threshold value, the better is the estimation accuracy. In contrast, if the threshold value is too large, the accuracy deteriorates extremely.
The incremental map matching is then compared with BST-Matching. As shown in Figure 16 , there was only a little difference in F-measure between BST-matching and Incremental map matching at the best thresholds (-71,-63) -(-69,-60). However, in the area where the threshold is low, the accuracy (F-measure) of BST-Matching is improved, which suggests that BST-Matching is less sensitive to threshold than incremental map matching. As shown in Table 9 , the Fmeasure of BST-Matching provided a good value of 0.9466 at the maximum. Furthermore, the range of F-measure (0.055) was 42% better than that of incremental map matching (0.095). In general, the RSSI of the BLE beacon is easily varied because of the voltage of the battery or the crowd, and it is difficult to set an optimum threshold value in a real environment. Therefore, it is desirable that accuracy be insensitive to the threshold value. Therefore, the proposed method is an excellent method, especially in the real environment.
Generally, it is not easy to find the best threshold value because the Received Signal Strength Indication (RSSI) of Bluetooth tends to change according to the crowd, humidity, and remaining battery power. Even if the best threshold can be set, this value will change according to these external factors. We must, therefore, find the optimal and stable threshold rather than the best threshold.
The proposed method is robust against changing the threshold. For example, as shown in Figure 16 , both the proposed method (BST) and the comparison method (Inc) obtain best results when the threshold set is (-69, -60). Here, paying attention to the threshold value (-79.-75), which is 10 dB lower than the best threshold value, the F-measure of the proposed method is much better than that of the comparison method. That is to say, the proposed method maintains good results even if the threshold is lowered by 10 dB from the best threshold value. On the other hand, when the threshold value is increased from the best value, both methods experience a problem in that the F-measure drops dramatically.
The optimal threshold is, therefore, decided based on the results of the preliminary experiment as follows. If the best threshold is X dB and the range of RSSI changing is Y dB as determined by preliminary experiment, the optimal threshold is (X-Y) dB. For example, when the best threshold is -69 dB and the range of RSSI changing is 5 dB, the optimum threshold is -74 dB. As a result, we can expect that the estimation result will be both stable and good, even if the RSSI changes in the range of 5 dB. Here, since we use different threshold values in the corridor and the room, we have to calculate the optimum threshold for each area.
Next, the estimation result of the stay time in Experiment 2 is shown in Tables 10 and 11 . In both methods, the lower the threshold, the smaller the error. Because the beacon can be detected with high sensitivity if the threshold is low, the staying time can be more accurately determined. When the threshold was low, the BST-Matching was up to 29% better than the incremental map matching. These results suggest that the BST-L method is the best for accuracy of stay estimation. Finally, the average processing time of each method is shown in Table 12 . In incremental map matching, the processing time is fast, while BST-Matching takes time because it is necessary to calculate the optimal solution between the candidate points. Particularly, when the threshold value is small, there is a tendency for the number of candidate points to increase, which consumes more processing time. Future work would involve improving processing time in BST-Matching. 
CONCLUSION
In this paper, we propose a novel estimation method of the user's route and stay using BLE beacons. Specifically, we apply the idea of global map matching, used in the field of GPS, for route and stay estimation based on BLE beacons. Therefore, the global optimum route in a beacon network can be directly estimated from the RSSI of the BLE beacon by using the Viterbi algorithm. Moreover, we proposed a two layer network method (path network and beacon network) and an integration / filtering method of beacon data to estimate the route with high accuracy in real environments. The evaluation experiment demonstrated that the proposed method has very good F-measure (0.9466) of route estimation at the maximum. Moreover, in the range of the F-measure, the proposed method is 42% better than incremental map matching, suggesting that the proposed method is less affected by the RSSI threshold. Because the RSSI value varies depending on the remaining battery level and human body or so, the proposed method will be suitable for practical use that it is not easily influenced by the threshold value. On the contrary, the processing time of the proposed method is 493 times slower than that of incremental map matching, and so it is necessary to select a method according to the application.
As future work, we need to develop a method to accelerate the proposed method. In addition, because the proposed method is relatively insensitive to thresholds, it is expected that good results will be obtained in practical use. It is necessary to perform practical evaluation by conducting larger and long-term experiments.
